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The ERG and the extraceilular potassium concentration, [K+]o, of the isolated superfused rat retina 
were measured in a physiological solution and in solutions containing 10 mM MRCI2 or 100/~M 
APB. MgCI 2 nearly abolished the b-wave, but the light-induced istal [K+]o increase was enlarged 
from 0.13 + 0.05 to 0.28 + 0.08 mM. There was also an increase in the light.induced [K+]o in the 
proximal retina. APB abolished the b-wave completely, and the distal light-induced IK+]o increase 
was then replaced by a IK+]o decrease. Upon return to the control solution, there was a larger 
transitory [K+]o increase than under control conditions, and this occurred before the b-wave had 
returned. Under these experimental conditions, the distal [K+]o increase could not be correlated 
with the b-wave, and so the Mtiller cells are unlikely to be the main source of the rising phase of the 
b-wave. More probable sources of the b-wave are the on-bipolar cells with their metabotropic and 
ionotropic receptors, with only the latter apparently being blocked by MgCI2. The extraceilular 
[K+]o changes, however, had an influence upon the slow potentials of the ERG. 
b-Wave Slow PIII Potassium Rat retina 
INTRODUCTION 
Many diseases of the retina cause changes in the ERG, 
which are of diagnostic value. A better understanding of 
the origin of the ERG components could help to clarify 
the nature of the retinal damages in certain diseases. The 
a-wave of the ERG has been thought o relate solely to 
receptor activity, though this is now being questioned 
(Bush & Sieving, 1994). The causes of the b- and c-waves 
of the ERG are also still not established unequivocally. 
One opinion (Newman, 1985) is that the ERG is mostly 
a glia-generated potential. The neuronal responses to 
light stimulation cause changes in extraceUular potas- 
sium concentrations. Glial cell membranes possess ahigh 
permeability to potassium and consequently glial mem- 
brane potentials change when the extracellular potassium 
concentration changes, the extracellular potentials being 
thereby generated. The extracellular potassium increases 
in the distal and proximal retina upon light stimulation. 
These increases, but especially that in the distal retina, 
are believed to produce the b-wave of the ERG in the 
glial MOiler cells (Newman & Odette, 1984; Dick, Miller 
& Bloomfield, 1985; Kline, Ripps & Dowling, 1985; 
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Karwoski, Newman, Shimazaki & Proenza, 1985; Wen & 
Oakley, 1990). The extracellular potassium concentration 
around the photoreceptors drops during light stimulation, 
and this causes slow potentials in the ERG. The slow 
cornea-negative Pill is generated in the MOiler cells, and 
a slow cornea-positive potential is generated in the 
pigment epithelium (Oakley & Green, 1976; Tomita, 
1976; Steinberg, Linsenmeyer & Griff, 1985; Hanitzsch, 
1993a). The cornea-positive c-wave of the ERG is 
believed to be the sum of the larger cornea-positive 
potential and a smaller cornea-negative slow Pill 
[Fig. l(a)]. In isolated retinas the pigment epithelium is 
absent and so is the slow positive potential. The ERG is 
then usually dominated by the cornea-negative slow Pill 
which follows after the b-wave [Fig. l(b)]. 
There is reason to believe that the generation of the 
ERG waves is even more complex than the above brief 
review indicates and that the ERG waves are only partly 
attributable to glial potentials. The present results, 
obtained from the isolated rat retina, show that the light 
induced distal and proximal potassium increases eem 
not to contribute substantially to the generation of the 
rising phase of the b-wave, although light-induced 
potassium changes do give rise to the slow potentials in 
the ERG. The slow potentials depend not only upon the 
potassium decrease around receptors, but also upon the 
potassium changes in other parts of the retina. 
499 
500 R. HANITZSCH et al. 
(a) Retina in situ (b) Isolated retina 
I 
I Glia I 
I1 f " ~  ERG lib "Ir'-..Glia 
+ + + - 
+ - I  - - :  s,ow 
Slow cornea 
cornea 
K+]0 ~ negative [K+10 - -~-  negative ,,.~ i II I i +'°*  I I cells I I ~ i 
I I I [K+]o  ~ I I i~  I 
K+lo ~ ~ - " -  1, ~ - "~ ' -  1, 
t l ~ + Receptors I Slow 
I . .  I posmve 
I potential 
I 
Pigment _ ( '~-~-  
+ i 
epithelium 
FIGURE 1. (a) Model of the generation of the ERG b- and c-wave by light-induced [K÷]o changes in the retina in situ. The distal 
and proximal light induced [K+]o increases should cause the b-wave in the Miiller cells. The light-induced [K+]o decrease causes 
slow Pill in Miiller cells, and a slow positive component in the pigment epithelium. They sum to give the c-wave in the ERG. (b) 
Model of generation of the ERG b-wave and slow Pill by light-induced [K+]o changes in the isolated retina. The difference 
between this and (a) is that the pigment epithelium is lacking and its slow cornea-positive wave. The ERG is dominated by slow 
PIII after the b-wave. 
METHOD 
Albino rats and BB-rats were anaesthetized with 1.5 g 
urethane per kg of body wt. The animals were dark 
adapted at least 1 hr before enucleation of the eye under 
dim red light. After enucleation of both eyes the rats were 
killed by an overdose of urethane. 
The technique employed in the preparation of the 
isolated retina, the superfusion solutions and the 
construction of the chamber have been described 
(Hanitzsch & Bomschein, 1965; Hanitzsch, 1981; 
Hanitzsch, Tomita & Wagner, 1984). Briefly, the lower 
side Coy choice the receptor or the vitreal side) of a piece 
of isolated retina was superfused by a plasma-saline 
mixture (plasma-saline 10:90%; composition of saline 
in mM: 126 NaCI, 4 KC1, 1.8 CaC12, 0.9 MgSO4, 
24NaHCO3, 8.3 glucose) equilibrated with O2/CO2 
95:5% and kept at 33°C. To eliminate the b-wave the 
solution contained 10 mM MgCI2 in one set of experi- 
ments and 100/xM APB (DL-2-amino-4-phosphonobuty- 
rate) in a second set of experiments. The upper side of the 
retina was exposed to an atmosphere of humidified warm 
oxygen, and was covered by a nylon mesh to help keep 
the retina moist. 
The extracellular potassium [K÷]o was measured with 
double-barrelled potassium-sensitive microelectrodes. 
The ion-sensitive barrel was injected with Coming 
477317 and backfilled with 100 mM KCI. The reference 
barrel contained 150 mM NaC1. The electrodes were 
calibrated in physiological solutions in which equimolar 
amounts of NaC1 were replaced by KC1 (KC1 concentra- 
tions were 2, 4, 6, 8 and 10 mM, the corresponding NaCI 
concentrations were 152, 150, 148, 146 and 144 mM). 
Changes in the differential voltage between the two 
barrels of the microelectrode were given in mV, and were 
converted to the corresponding [K+]o, expressed in mM, 
after the microelectrodes have been recalibrated at the 
end of the experiment. A capacity-compensated differ- 
ential preamplifier with an input resistance of 10'3Q 
(Axoprobe 1A) was used for recording with the double- 
barrelled K+-sensitive microelectrodes. The time con- 
stants of the electrodes were 40-150 msec (Hanitzsch, 
1988). 
The transretinal ERG was recorded between two 
silver-silver chloride electrodes coupled by agar bridges 
to the retina. Field potentials were recorded between the 
reference barrel of the double-barrelled microelectrode 
and the surface electrodes (cf. Hanitzsch & Trifonow, 
1968; Hanitzsch, 1973). They were used as an indication 
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of the depth of the potassium-sensitive microelectrode. 
The bandwidth of the amplifiers was 0-300 Hz. 
Light stimuli were diffuse white light provided by a 
Xenon arc (Leitz). Light intensity (log 0 corresponds to
20,000 Ix) was varied by means of neutral density filters 
(NG 5, Schott). 
RESULTS 
Figure 2 shows the light induced potassium changes at 
different depths of the isolated rat retina. The ionic 
sensitive microelectrode p netrated the retina from the 
vitreal side. In the proximal retina the extracellular 
potassium increased uring light stimulation. The max- 
imal increase was 0.48 ~ 0.1 mM (SD, n = 5) at a depth 
of 70/~m. The peak of this proximal potassium increase 
occurred after that of the b-wave. A distinct increase at 
light-off was observed at 90/xm depth. The amplitude of 
the increase at light-on was smaller in the distal retina. 
The distal potassium increase can have two peaks in the 
rat retina. This was observed most deafly at a depth of 
180 #m, the first peak being the quickest and smallest. 
This was unaffected by using the cross capacity 
compensation f the Axon 1A, and is therefore unlikely 
to be an artefact. Its real peak time, however, was 
indeterminate because of the time constants of the 
potassium sensitive microelectrodes. The peak time of 
the slower potassium increase at a depth of 180-200/xm, 
however, could not be caused by the time constants of the 
electrodes. This first peak was only recordable at high 
amplification and when the supply of warm oxygen was 
switched off during the recording. Otherwise this small 
blip was masked by the noise of the base line. Even with 
this procedure the first peak could not always be 
recorded. Sometimes there was no potassium change in 
the middle of the retina and more distally there was again 
a small potassium increase, which may have been the 
distal potassium increase (M~ttig & Hanitzsch, 1993). In 
any case this distal potassium increase was very small 
and was often overlapped and even masked by the larger 
and slower increase. At a depth of 220 and 240/xm, 
around the photoreceptors, there was a drop of potassium. 
At a depth of 180 and 200/xm the distal potassium 
increase and the potassium decrease overlapped. The size 
of the potassium decrease depended on stimulus intensity 
and duration. It was 1.77-4-0.38 mM (SD, n = 6) at -5  
log units intensity and 10see duration, and 
1.22 + 0.45 mM (SD, n =5) at -4  log units intensity 
and 1 sec duration. The order of magnitude is that known 
for other mammals. The preparations had normal b-wave 
amplitudes, which indicates that the functions of the 
isolated retinas were comparable to those of a retina in 
situ. 
Figure 3 demonstrates that the potassium increase in 
the distal retina cannot play an important role in the 
generation of the b-wave. Superfusion of the preparation 
with a solution containing 10mM MgCI2 nearly 
abolished the b-wave. The distal potassium increase, 
however, was not abolished. After about 3 min when the 
MgCI2 had diffused into the retina, the light-induced 
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FIGURE 2. ERG (lowest trace) and potassium changes at different 
depths (as indicated) of the isolated rat retina. The distal potassium 
increase is marked by an arrow. Stimulus intensity - 5 log units (2 log 
units above threshold), stimulus duration and calibration as indicated. 
Isolated rat retina superfused from the receptor side. 
increase in potassium had the same value as that with the 
control solution, but after 5 min there was an increase in 
potassium; the final value being significantly higher than 
with the control solution (Table 1). The intraretinal 
recording of the field potentials (Fig. 3) shows that part of 
the b-wave still existed in the proximal retina, when the 
b-wave of the ERG was only just detectable as a little 
hump. When the brief initial peak of the distal potassium 
increase was recordable, it did not change under the 
influence of MgC12 (Fig. 4). 
Under the influence of MgC12, the potassium increase 
in the proximal retina changed in a similar way as did the 
distal potassium increase (Fig. 5). After more than 5 min, 
the MgCI2 caused a larger increase of potassium than 
under control conditions, while the b-wave was nearly 
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well as the potassium decrease around receptors, may 
contribute to the generation of the slow potentials. 
MgCI2 did not influence the potassium decrease around 
photoreceptors. As known from the rabbit retina 
(Hanitzsch, 1988, 1993a) the potassium decrease and 
the cornea-negative slow Pill is well preserved under 
MgC12. When the potassium decrease in the rat retina 
(0.27 + 0.06 mM, n = 3) was recorded at the tip of the 
photoreceptors ( etina superfused from the vitreal side), 
MgC12 had no influence upon the potassium decrease 
(0.27 + 0.06 mM, n -- 3) caused by the photoreceptors, 
even when MCI2 was additionally added at the receptor 
surface to ensure that the substance had reached the 
photoreceptors. When the retina was superfused from the 
receptor side and the potassium decrease was recorded at 
a depth of about 200 #m, MgCI2 sometimes caused a 
small reduction in the potassium decrease (Fig. 6). This 
was probably caused by an overlapping with the enlarged 
increase in more proximal depths. 
The effect of APB was different o that of MgCI2 
(Fig. 7). It abolished the b-wave of the ERG completely. 
At light-off the potential returned to the baseline. There 
was not an enlarged positive off-effect as in the frog 
retina (Jardon, Yiicel & Bonaventure, 1989). Under the 
influence of APB the potassium increase in the distal 
retina (0.13 +0.06mM, n=3) was replaced with a 
potassium decrease (0.17 ::k 0.06 mM, n = 3). Data were 
only accepted when the control values of the potassium 
increase were 100-4-15%. Three further experiments 
gave principally the same results but the control values 
had larger deviations. The decay of potassium upon light 
stimulation was slow, and the return to the baseline at 
light-off was quicker. Upon switching to the control 
solution again, there was a transitory larger potassium 
increase than under control conditions. At that time the b- 
wave had not yet returned. Some minutes later the control 
values of the b-wave and the potassium increase 
(0.13 + 0.06 mM, n = 3) were re-established. 
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FIGURE 3. Influence of MgCI2 after 3 and 6 min superfusion on the 
distal potassium increase (first trace) and the ERG (second trace) and 
the field potential between the reference barrel of the potassium 
sensitive microelectrode and the ERG surface lectrode at the upper 
side of the retina (third trace, cornea-positive potential upward), and 
the field potential between this reference barrel and the ERG surface 
electrode at the lower side of the retina (fourth trace, cornea-negative 
potential downward). Intensity -5  log units. Calibration and time 
mark as indicated. Isolated rat retina superfused from the receptor side. 
abolished. After about 30 sec under the influence of the 
MgC12, however, there was sometimes a transitory 
reduction of the potassium increase. The cornea-negative 
slow Pill was not blocked or reduced by MgC12 but 
enlarged in two steps: the first being attributable to the 
diminished b-wave, and the second (about 27%) 
occurring in parallel with the enlarged increases in the 
potassium (Table 1). Although the potassium increase 
seemed not to generate the b-wave, these increases, as 
DISCUSSION 
As the evidence for the cause of the components of the 
ERG waves has accumulated, the interpretations placed 
upon that evidence have changed. The b-wave was once 
considered tobe the mass effect of potentials generated in 
the bipolar cells (Byzov, 1959; Hashimoto, Murakami & 
Tomita, 1961), but was later attributed to the glial Miiller 
cells in response to the light induced istal and proximal 
potassium increases (Newman & Odette, 1984; Dick et 
al., 1985; Karwoski & Proenza, 1987; Wen & Oakley, 
1990). The evidence for this, however, has been 
considered equivocal, and it has been suggested that the 
b-wave may be a composite vent being the sum of 
separate potentials generated in neuronal and glial cells 
(Fujimoto & Tomita, 1986). Very recently, Xu and 
Karwoski (1994a,b) have shown that the sink and source 
analysis of b-wave generation is not in agreement with 
the theory of a purely glial origin. Sieving, Murayama 
and Naarendorp (1994) have proposed amodel in which 
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TABLE 1. (A) Mean values and SD of distal potassium increase and slow Pill. Distal potassium increase of 
retinas uperfused with normal solution compared with the effect of more than 5 rain superfusion with a 
solution containing 10 mM MgCI2. (B) Slow PIII after 3 min superfosion with the solution containing 10 mM 
MgCI2 compared with the effect after more than 5 min superfusion. Stimulus intensity - 5 log units, stimulus 
duration 1sec. 
(A) Normal solution 10 mM Mg 2+, /> 5 rain 
Distal [K+]o increase 0.13 + 0.05 (SD, n = 6) 0.28 + 0.08 (SD, n = 6) 
in mM Wilcoxon signed-rank test P = 0.016 
(B) 10 mM Mg 2+, ~3 min 10 mM Mg 2+, >/5 min 
Slow PllI 100% 127% + 11% (SD, n = 6) 
Wilcoxon signed-rank test P = 0.016 
the potentials of on-bipolars, off-bipolars and horizontal 
cells may shape the b-wave. 
Photoreceptors release glutamate in the dark. Gluta- 
mate receptors can be ionotropic and metabotropic 
(Barnstable, 1993). The metabotropic receptors act via 
G-protein linked second messenger system. Glutamate 
closes the synapses, and when the transmitter is reduced 
by a light stimulus, a cation channel is opened, and the 
extracellular potassium must then increase. The off-cone 
bipolar cells with ionotropic receptors hyperpolarize by 
light, and extracellular potassium must then decrease. 
The on-bipolar cells of the rat retina express both 
ionotropic and metabotropic receptors (Miiller, Grefer- 
ath, W/issle, Wisden & Seeburg, 1992; Barnstable, 1993). 
Only in lower vertebrates is anything known about the 
function of the ionotropic receptor: the cone input to on- 
bipolar cells opens a K+/CI - conductance in the dark. 
Light exposure terminates the conductance and cells 
becomes depolarized, and the extracellular potassium 
must then be reduced (Toyoda, 1973; Saito, Kondo & 
(a) Normal solution 
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ERG - - - ~ ~ ~ . . , ~  [ ,mV 
i I 
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FIGURE 4. Influence of MgCI2 after more than 5 min superfusion on 
the quick part of the distal potassium increase (upper of paired traces) 
and the ERG (lower of paired traces). Intensity -5  log units. 
Calibration and time mark as indicated. Isolated rat retina superfused 
from the receptor side. 
Toyoda, 1979; Nawy & Copenhagen, 1987). The light 
evoked extracellular potassium in the outer plexiform 
layer (distal potassium increase) must be the sum of the 
decrease caused by the ionotropic synapses of off- 
(a) Normal solution 
4.0 mM Proximal [K+lo -- - 
ERG 
(b) Mg 2+ 10 mM 
30 sec 
JL__.---- 
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Proximal [K+]0 - - - - - - - ~ ' ~ ~ ' ~  4.0 mM 
ERG 
(d) Mg 2+ 10 mM 
8.5 rain 4.3 mM 
Proxima ,K ,0 [40mM 
ERG • 
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4.2 mM 
Proximal [K+]o --~--,~ " ~ ~ ~ ' ~  [ 4.0 mM 
I I 
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FIGURE 5. Influence of MgCI2 after 30sec, 2.5 min and 8 min 
superfusion on the proximal potassium increase (upper of paired 
traces) and the ERG (lower of paired traces). Intensity - 5 log units. 
Calibration and time mark as indicated. Isolated rat retina superfused 
from the receptor side. 
504 R. HANITZSCH et al. 
(a) Normal solution 
[K+]o ~ ~  [4.6mM4.3mM 
ERG I~k,_ _~.__  • ,, 
(b) Mg 2+ 10 mM 
[K+I°' ~ " '  E4"6mM 
4.35 mM 
ERG 
(c) Control 
4.6 mM 
ERG 
4.3 mM 
E 500 ~tV 
! ! 
I scc 
HGURE 6. Influence of MgCI2 on the potassium decrease around 
photoreceptors (upper of paired traces) and the ERG (lower of paired 
traces). Stimulus intensity -5  log units. Stimulus duration and 
calibration as indicated. Isolated rat retina superfused from the receptor 
side. 
receptor is blocked. When the rat retina is again 
superfused with the control solution, it recovers from 
the influence of APB. First there is an enlarged potassium 
increase but the b-wave returns only later. It is 
hypothesized that the receptors of the rod on-bipolar 
metabotropic receptors had recovered before the recov- 
ery of the ionotropic receptors of the cone on-bipolar 
cells. This would explain why there was a potassium 
increase while part of the b-wave was still absent, and the 
other part was masked by the Pill. 
There was no correlation between the distal potassium 
increase and the b-wave during the recovery phase after 
APB nor under the influence of MgC12. To our knowl- 
edge there is no evidence that Mg 2+ blocks a potassium 
conductance in Mfiller cells. Indeed the cornea-negative 
(a) Normal solution 
. . . . .  r 4.,m- 
Distal [K+]o ~ I_ 4.2 mM 
ERO 
(b) APB 100 gM 
bipolars and on-bipolars and the increase caused by the 
metabotropic synapses of on-bipolars. 
On-bipolars are blocked by APB (Slaughter & Miller, 
1981). ABP abolishes the b-wave in rat retina as it does in 
those of the goldfish (Powers, DeMarco & Bilotta, 1988; 
DeMarco & Powers, 1989), frog (Jardon et al., 1989), cat 
(Miiller, W~issle & Voigt, 1988), rabbit and monkey 
(Knapp & Schiller, 1984; Sieving et al., 1994). The b- 
wave is interpreted as the sum of on-bipolar potentials 
and the cornea-negative potential (Gurevich & Slaughter, 
1993). MgC12 is a general synaptic blocker, but is does 
not block the metabotropic APB-sensitive synapses of 
rod bipolar cells (Yamashita & W/issle, 1991). 
Our results how that the b-wave was almost abolished 
when the preparation was superfused with a solution 
containing 10 mM MgCI2, while the amplitude of the 
distal and proximal potassium increases were not 
extinguished but enlarged (Hanitzsch & Lichtenberger, 
1994, 1995). If MgC12 blocks all ionotropic receptors of 
bipolar cells, parts of the b-wave must be generated by 
the activation of the ionotropic receptors of the on- 
bipolar cells. The part of b-wave which may be generated 
by the metabotropic receptors of on-bipolar cells can be 
masked by slow PIII. Actually it has been found that 
under the influence of MgCI2 a very small b-wave 
persists in rat and rabbit retina; even 14 mM MgC12 failed 
to abolish the b-wave in the rabbit retina completely 
(Fig. 2 in Hanitzsch, 1993a). 
APB totally abolished the b-wave, and the light 
induced istal potassium increase turned into a decrease 
as it does with the proximal potassium increase (Frish- 
man, Yamamoto, Bogucka & Steinberg, 1992). That is 
what would be expected to occur when the metabotropic 
Distal [K+]0 ~ E 4.2 mM 
4.0 mM 
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(c) Control 
3 rain ~ I 4.5 mM 
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FIGURE 7. Influence of APB on the distal potassium increase (upper 
of paired traces) and on the ERG (lower of paired ~aces), and the 
recovery under control solution after 3, 6 and ll  rain. Stimulus 
intensity - 5 log unit. Stimulus duration and calibrations as indicated. 
Isolated rat retina superinsed from the receptor side. 
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FIGURE 8. Model of generation of ERG potentials in isolated retina 
without pigment epithelium. The b-wave is not considered to be 
mainly of glial origin, but a potential of on-bipolar cells. The slow 
potentials are caused by changes in extracellular potassium and a 
scheme of their mechanism of generation isdrawn in the lower part of 
the picture for the rat retina. Slow PIII of the rat retina is mainly caused 
by the potassium decreases around receptors and partly by potassium 
increases in the distal and proximal retina. That is a special feature of 
the rat retina, that potassium increases in the proximal retina cause 
cornea-negative potentials, because the highest conductance of the 
Miiller cells may be in the distal region of the cell. 
slow PIII is well preserved under MgC12, which is 
thought o be mainly generated in the Miiller cells by a 
decrease in the [K+]o around photoreceptors. Thus, if the 
b-wave relates to a change in the membrane potential in 
the Miiller cells, it should still be present, but it is not. 
Effects of APB other than as a synaptic blocker of 
neurons are not known, and there are no resistance 
changes of the retinal tissue (Xu, Xu, Huang, Livsey & 
Karwoski, 1991) which could influence potentials. Our 
results make it unlikely that the light induced increase in 
the distal and proximal potassium contribute substan- 
tially to the rising phase of the b-wave. More probable 
sources are the rod and cone on-bipolar cells. 
The enlargement of the potassium increases in the 
proximal and distal retina of the rat correlates with an 
increase in slow PIII. The conductance distribution i  rat 
Miiller cells can be similar to the ones in mouse with a 
higher conductance in the distal parts of the Miiller cell 
(Newman, 1987). Then the potassium increases may 
cause cornea-negative rather than cornea-positive poten- 
tials (Fig. 8). That is further support for the proposition 
that the cornea-positive b-wave cannot be generated 
solely by potassium increases inthe Miiller cells of the rat 
retina. The peak time and the falling phase of the b-wave, 
however, must be influenced by the slow potentials. The 
potassium increases may not contribute substantially to 
the rising phase of the b-wave in mammals in which the 
on-bipolars consist of cone on-bipolars and a large 
number of rod bipolars. This may be different in animals 
like the mudpuppy (Miller & Dowling, 1970). However, 
the potassium increases contribute to the slow potentials. 
In rat retina slow PIII is evidently generated mainly by 
the potassium drop around photoreceptors and by 
potassium increases in more proximal parts of the retina. 
This may explain why the c-wave is relatively small in rat 
retina and mostly lacking in albino rats (Dodt & Echte, 
1961). Slow PIII with its two negative components may 
be of the same size as the cornea-positive component of 
the pigment epithelium. 
This is different in frog and rabbit retina, in both of 
which the slow PIII consists of the cornea-negative 
potential caused by the potassium drop around photo- 
receptors and a cornea-positive one from the proximal 
retina (Hanitzsch, Zeumer & M~ittig, 1992; Hanitzsch, 
1993b; Zeumer, Hanitzsch & M/ittig, 1994). These two 
concurrent potentials can more or less cancel each other 
out with the result hat there is no slow PIII in the isolated 
retina. That could explain why the c-wave is relatively 
large in rabbit and frog. The large variability of the size of 
the c-wave between species, including its absence in 
some, can depend upon variations in the two different 
parts of slow PIII. 
Under suprathreshold and diffuse illumination condi- 
tions, slow PIII would seem to be the summation of more 
than one slow potential, which still remain unnamed. 
They should not be confused with other slow potentials 
such as the M-wave (Karwoski & Proenza, 1977), and the 
slow component of the scotopic negative threshold 
response (Steinberg, Frishman & Sieving, 1991), which 
occur with particular stimulus conditions. The M-wave of 
frog and mudpuppy retina is prominent when stimulus 
spots are of a certain size, and it has a distinct off- 
component, which differs from slow PIII. 
The results here give an indication of what may happen 
in nyctalopia in which the ERG b- and c-waves are 
lacking (Heilig, Thaler & Bornschein, 1972; Nilsson & 
Wrigstad, 1993), but in which there is no evident defect 
of the photoreceptors outer segments. If the rod bipolars 
are defective, their potential and the accompanying 
potassium change could be affected. The b-wave would 
then be unrecordable, and changes in potassium in the 
distal and proximal retinas would influence the slow 
potentials. This would cause a change in the c-wave, the 
nature of which, in humans, would depend on the 
localization of the highest conductance of human Miiller 
cells. 
The conclusions drawn from this study are that it is 
very unlikely that the b-wave is mainly a glial potential, 
and that rod bipolar and cone-on-bipolar cells may 
contribute substantially tothe rising phase of the b-wave. 
The slow potentials are caused by glial cells, however, 
and depend on the light-induced potassium changes in 
506 R. HANITZSCH et al. 
several layers of the retina, with appreciable species 
differences. 
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